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Manufacturing Method of MIS Type Field Effect Transistor 
(57) [Abstract] 

[Object] 

Regarding a manufacturing method of an MIS type field effect 
transistor, the parasitic resistance is reduced by using very simple 
method, that is, by stabilizing each contact resistance between a source 
region made of a high-melting point metal silicide and another source 
region made of silicon, and between a drain region made of source region 
and a high-melting point metal silicide and another drain region made of 
drain region and silicon. 

[Construction] 

Side wall-like insulating films 27 are formed on the side face of a 
gate electrode 24G after forming the electrode 24G on a p-silicon active 
layer 22. Then, an n- -source are 29S and n- -drain region 29D are 
formed by transforming the p-silicon active layer 22 cropping out on both 
sides of the side wall-like insulating film 27 into source and drain regions 
28S and 28D made of TiSi2 and introducing an impurity into the space 
between the source and drain regions 28S and 28D made of the gate 
electrode 24G and TiSi2 after removing the side wall-like insulating film 
27. 
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[Scope of Claim for a Patent] 
[Claim 1] 

A method of manufacturing an MIS type field effect transistor 
comprising the steps of: 

forming a gate electrode over an active layer made of silicon of a thin 
film SOI, and then forming a side wall-like insulating film on the side face 
thereof, 

converting the active layer made of silicon, which is exposed on both 
sides of the side wall-like , insulating film, to source and drain regions 
made of a high melting point metal silicide, 

and forming source and drain regions having an LDD structure by 
removing the side wall-like insulating film and introducing impurities 
between the gate electrode and source and drain regions made of a high 
melting point metal silicide. 
[Claim 2] 

The method of claim 1 further comprising the step of: 

introducing impurities to the part of the active layer made of silicon 

for forming source and drain regions made of the high melting point 

metal silicide in advance. 

[Claim 3] 

The method of claim 1 or 2 wherein the concentration of the 
impurity introduced between the gate electrode and the source and drain 
regions made of the high melting point metal silicide by removing the 
side wall-like insulating film is higher than that of the impurity used for 
forming source and drain regions having an LDD structure. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INDUSTRIAL APPLICATION] 

The present invention relates to a method of manufacturing an MIS 
type field effect transistor, which is suitable for forming the MIS(metal 
insulator semiconductor) type field effect transistor on a thin film SOI 
(silicon on insulator). 
[0002] 

High performance of a semiconductor device has been realized 
depending largely on the improvement in transistor performance, which 
can be obtained by refinement of transistors. At present, however, there 
is a limit to improve the performance by using such means. However, by 
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using the MIS type field effect transistor utilizing a thin film SOI, there is 
a possibility to overcome the limit, so that it is necessary to study and 
develop thereof. 
[0003] 
[PRIOR ART] 

In general, the MIS type field effect transistor using a thin film SOI 
has less so-called short channel effect such as lowering the threshold 
voltage Vth or occurrence of the punch through in comparison with the 
MIS type field effect transistor formed with a bulk. Also, the MIS type 
field effect transistor using a thin film SOI has the advantage that it is 
possible to prevent the latch up phenomenon in CMOS(complementary 
metal oxide semiconductor) because drain current is increased by the 
increase of electric field effect mobility due to the relaxation of a channel 
vertical electric field and by increasing a pinch off voltage, and also 
element separation is perfectly possible. 
[0004] 

However, the MIS type field effect transistor using a thin film SOI 
has a problem that resistance of diffusion layers of the source and drain is 
increased. To solve the above problem, it is effective to form the source 
and drain by using a high melting' point metallic silicide. 
[0005] 

Fig. 9 shows a side view of a main section in order to explain the 
conventional method wherein a high melting point metallic silicide is used 
for both source and drain of the MIS type field effect transistor using a 
thin film SOI. 
[0006] 

In the figure, 1 shows an insulating layer made of Si02, 2 shows an 
active layer, which is a silicon semiconductor substrate like a thin film, 3 
shows a gate insulating film made of Si02, 4 shows a gate electrode made 
of polycrytslline silicon, 5 shows an insulating film made of Si02, 6 shows 
an n- -source region having an LDD (lightlydoped drain) structure, 7 
shows an n- -drain region having an LDD structure, 8 shows a side wall- 
like insulating film made of Si02, 9 shows a source region made of TiSi2, 
10 shows a drain region made of TiSi2, 11 shows an insulating film made 
of BPSG(boronphosphosilicate glass), 12 shows a source electrode made of 
Al and 13 shows a drain electrode made of Al, respectively. 
[0007] 

Since the source region 9 and drain region 10 of the MIS type field 
effect transistor using a thin film SOI as shown in the figure is composed 
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of TiSi2, the source resistance and drain resistance are small as compared 

to one composed of an impurity dispersion layer. 

[0008] 

[THE PROBLEM TO BE SOLVED BY THE INVENTION] 

Regarding the MIS type field effect transistor using a thin film SOI 
explained in Fig. 9, the resistance of the source region 9 and drain region 
10 is small, however, an effect by the contact resistance between an n- 
source region 6 and a source region 9 and between an n- drain region 7 
and a drain region 10 comes to be a problem. In particular, when a 
thermal treatment is performed to convert into a silicide by reacting a 
high melting point metal with silicon, there arises a problem that a 
contact resistance is increased because an impurity existing in silicon is 
dispersed into a silicide. 
[0009] 

According to the MIS type field effect transistor of the present 
invention, which is composed of a thin film SOI and has source and drain 
regions made of a high melting point metal silicide, the parasitic 
resistance is reduced by a very simple method, that is, by stabilizing the 
contact resistances between a source region made of a high melting point 
metal silicide and another source region made of silicon, and between a 
drain region made of a high melting point metal silicide and another drain 
region made of silicon, respectively. 
[0010] 

[MEANS TO SOLVE THE PROBLEMS] 

In this invention, basically, after forming source and drain regions 
made of a high melting point metal silicide, another source and drain 
regions having an LDD structure are formed. Therefore, the manufacturing 
process is complicated a little, however, such a lot of trouble is out of 
question from the viewpoint of the effect for reducing the parasitic 
resistance, and also impairing the production yield will not happen. 
[0011] 

Accordingly, the method of manufacturing the MIS type field effect 
transistor according to the present invention is; 
[0012] 

characterized by the step(l) of forming a gate electrode (for example, 
a gate electrode 24G) over an active layer(for example, a p-silicon active 
layer 22) made of silicon in a thin film SOI, subsequently forming a side 
wall-like insulating film (for example, a side wall-like insulating film 27) 
on the side face thereof, converting the active layer made of silicon 
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exposed on the both sides of the side wall-like insulating film into a 
source region (for example, a source region 28S made of TiSi2) and a drain 
region (for example, a drain region 28D made of TiSi2) made of a high 
melting point metal silicide, and forming a source region (for example, an 
n- source region 29S) and a drain region (for example, an n- drain region 
29D) having an LDD structure by removing the side wall-like insulating 
film and introducing an impurity between the gate electrode and the 
source and drain regions made of a high melting point metal silicide, or 
[0013] 

characterized by the step(2) of introducing an impurity at high 
concentration in the part of an active layer made of silicon for forming 
source and drain regions made of a high melting point metal silicide in the 
above step (1) in advance, or 
[0014] 

characterized by that (3) the concentration of the impurity 
introduced between the gate electrode and source and drain regions made 
of a high melting point metal silicide by removing the side wall-like 
insulating film is higher than that of impurity used for forming source 
and drain regions having an LDD structure in the above steps (1) and (2). 
[0015] 
[EFFECT] 

When the above mentioned method is used, source and drain regions 
formed by introducing an impurity into an active layer made of silicon is 
formed after forming source and drain regions made of a high melting 
point metal silicide formed by reacting a high melting point metal silicide 
with silicon, so that there is not any fear that the impurity is not included 
into a high melting point metal silicide when the high melting point metal 
silicide is reacted with silicon. Accordingly, the contact resistance 
between a source region formed over an active layer made of silicon and 
another source region made of a high melting point metal silicide, and the 
contact resistance between a drain region formed over an active layer 
made of silicon and another drain region made of a high melting point 
metal silicide can be decreased. 
[0016] 
[EXAMPLE] 

Fig. 1 to Fig. 8 show a side view of main section of an MIS type field 
effect transistor to explain one example of the present invention at main 
process. Referring to these . figures, the present invention will be 
explained as follows. Also, the thin film SOI used in the present invention 
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may be formed by the prior art, which has been frequently used, so that 
the explanation of the manufacturing process is omitted. Also, each figure 
shows a portion above the underlying insulating film 21 comprising SiCH, 
including an active layer 22, which is formed by making a semiconductor 
substrate a thin film and separating it into a single element. 
[0017] see Fig. 1 

1-(1) A gate insulating film 23 made of SiCb is formed to cover a p- 
silicon active layer 22 at a thickness, for example, 10 to 20nm by 
applying a thermal oxidation method. 
[0018] 

l-(2) A polycrystal silicon layer 24 having a thickness, for example, 
200 to 300nm is formed on the whole surface by applying chemical vapor 
deposition(CVD) method. 

1- (3) An insulating film 25 made of SiC>2 is formed on the whole 
surface at a thickness, for example, 50 to lOOnm by applying the same 
CVD method. 

[0019] see Fig. 2 

2- (l) An insulating film 25 is patterned in gate pattern by applying 
resist process of lithography technology and reactive ion etching (RIE), 
using CF4+H2 as an etching gas. 

2-(2) Subsequently, the polycrystalline silicon 24 is patterned to 
form a gate electrode 24G by applying RIE method using CI as an etching 
gas. 
[0020] 

2-(3) After the process 2-(2), one part of the polycrystalline silicon 
layer 24 is remained in a side wall shape on edge of a p-silicon active 
layer 22 covered with the gate insulating film 23, therefore, it is 
necessary to remove it. Because of this, a protective film wherein only the 
polycrystalline silicon layer 24 in the side wall-like shape is exposed by 
applying the resist process of the lithography technology. 

2- (4) By applying RIE method using CI as an etching gas, the 
polycrystalline silicon layer 24, which remains in the side wall-like on the 
side faces of the active layer 22 covered with the gate insulating film 23, 
is removed by isotropic etching. 

[0021] see Fig. 3 

3- (l) An insulating film 26 made of Si3N 4 is formed on the whole 
surface at a thickness, for example 10 to 30nm by removing the 
protective film formed in the process 2-(3) and applying CVD method. 

3-(2) An insulating film 27 made of SiC>2 is formed on the whole 
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surface at a thickness of, for example, 100 to 200 nm by applying the CVD 
method. 

[0022] see Fig. 4 

4- (l) Anisotropic etching of the insulating films 26 and 27 is 
conducted by applying RIE method using CF4+H2 as an etching gas. Also, 
this etching is stopped when a surface of the active layer 22 is exposed. 
After this process, the insulating films 27 and 26 are remained on the 
side surfaces of the gate electrode 24G, the insulating film 25 and the 
active layer 22 in side wall shape, however, there is no need to remove 
them. 

[0023] see Fig. 5 

5- (l) A Ti film 28 is formed at a thickness of, for example 30 to 
lOOnm on the whole surface by applying sputtering. Before forming the 
Ti film 28, by applying, e.g. ion implantation method, an n-type impurity 
ion is implanted into the active layer 22 exposed on the both side of the 
insulating film 27 in side wall shape, which covers the side face of the 
gate electrode 24, thereby it may be an n-type, that is n+ at high 
concentration. 

[0024] see Fig. 6 

6- (l) By applying RTA(rapid thermal anneal) method, thermal 
treatment is conducted at a temperature of 650°C for 60 seconds to react 
the Ti film 28 with the underlying active layer 22 made of silicon, 
thereby forming a TiSi2- 

6- (2) Ti film 28, which is not converted to TiSia, is removed by 
dipping in alkali solution, for example ammonia(NH3), thereby forming a 
source region 28S and drain region 28D. 

[0025] See Fig. 7 

7- (l) The side wall-like insulating film 27 is removed by treatment 
using down flow of CF4 plasma. Also, the insulating film 25 existing on 
the gate electrode 24G is also removed at the same time. To remove the 
side wall-like insulating film 27, wet etching method using, e.g. HF as 
etchant can be applied in addition to the above mentioned method. 
[0026] 

7-(2) By applying ion implantation method, phosphorus ions are 
implanted at a dose of 1 x 10i3cm-2 at acceleration energy of 30keV to 
form an n- source region 29S and n- drain region 29D having an LDD 
structure. It is needless to say that the implanted ion P is activated by 
thermal treatment at proper time. Also, if there is no necessary to be LDD 
structure, ion implantation is performed at high concentration to convert 
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to n+. 

[0027] See Fig. 8 

8-(l) By applying CVD method, an interlayer insulating film 30 made 
of BPSG(borophosphosilicate glass) is formed at a thickness of, for 
example l|im. 

8-(2) By applying resist process of lithography technology and RIE 
method using CF4+ H2 as an etching gas, the interlayer insulating film 30 
is selectively etched to form opening for electrode contact. 

8-(3) Finally, a source electrode 31 and a drain electrode 32 made of 
Al and another electrode and wiring are formed by applying vacuum 
deposition method and lithography technology. 
[0028] 

As seen from the above mentioned explanation, when a Ti film 28 is 
reacted with the active layer 22 made of 'silicon to form a source region 
28S and drain region 28D, impurities are not incorporated by TiSi2 side 
from silicon side since n--source region 29S and n--drain region 29D have 
not been formed yet. 
[0029] 

[THE EFFECT OF THE INVENTION] 

The manufacturing method of the MIS type field effect transistor 
according to the present invention comprises the steps of; forming a gate 
electrode over an active layer made of silicon of a thin film SOI, and 
then forming a side wall-like insulating film on the side face thereof, 
converting the active layer made of silicon, which is exposed on both 
sides of the side wall-like insulating film, to source and drain regions 
made of a high melting point metal silicide, and forming source and 
drain regions having an LDD structure by removing the side wall-like 
insulating film and introducing impurities between the gate electrode 
and source and drain regions made of a high melting point metal silicide. 
[0030] 

By applying the above constitution, source and drain regions 
formed by introducing an impurity into an active layer made of silicon is 
formed after forming source and drain regions made of a high melting 
point metal silicide formed by reacting a high melting point metal 
silicide with silicon, so that there is not any fear that the impurity is 
included into a high melting point metal silicide when the high melting 
point metal silicide is reacted with silicon. Accordingly, the contact 
resistance between source region formed over an active layer made of 
silicon and another source region made of high melting point metal 
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silicide, and the contact resistance between drain region formed over the 
active layer made of silicon and another drain region made of high 
melting point metal silicide. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Figs. 1 to 8] show a side view of main section of an MIS type field effect 
transistor to explain one example of the present invention at main 
process. 

[Fig. 9] shows a side view of main section to explain conventional 
example wherein source and drain of the MIS type field effect transistor 
using a thin film SOI are made of a high melting point metal silicide. 
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ABSTRACT 

PURPOSE: To reduce the parasitic resistance of an MIS field effect 
transistor by stabilizing the contact resistances between a source area 
made of a high- melting point metal siiicide and another source area made 
of silicon and between a drain area made of a high-melting point metal 
siiicide and another drain area made of silicon. 

CONSTITUTION: Side wall-like insulating films are formed on the side face 
of a gate electrode 24G after forming the electrode 24G on a p-siiicon 
active layer 22. Then an n(sup -)-source area 29s and n(sup -)drain area 
29D are formed by transforming the p-si!icon active layer 22 cropping out 
on both sides of the side wall-like insulating film into a TiSi(sub 2) 
source and drain areas 28s and 28D and introducing an impurity into the 
space between the areas 28S and 28D after removing the side wall-like 
insulating film. 
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